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OPTICAL DEVICE, OPTICAL SCANNER,
AND IMAGE DISPLAY DEVICE

BACKGROUND

1. Technical Field

The present invention relates to an optical device, an
optical scanner, and an 1image display device.

2. Related Art

An optical scanner which performs two-dimensional
scanning with light has been known as an optical device

used 1n, for example, a projector (for example, see JP-A-
2008-216920).

For example, the optical scanner disclosed 1n JP-A-2008-
216920 1ncludes a frame-shaped driving member, a pair of
first shaft members that supports the driving member so as
to be rotatable about the X-axis, a movable plate that 1s
provided in the driving member and includes a light reflect-
ing portion, and a pair of second shait members that support
the movable plate so as to be rotatable about the Y-axis
perpendicular to the X-axis with respect to the driving
member.

The optical scanner includes a permanent magnet that 1s
provided in the driving member, a coil that 1s provided
opposite to the permanent magnet, and a voltage applying
unit that applies a voltage to the coil. A line connecting both
poles of the permanent magnet 1s imclined with respect to
cach of the X-axis and the Y-axis 1n a plan view.

The voltage applying unit applies a superimposed voltage
of a first voltage and a second voltage with different fre-
quencies to the coil to rotate the movable plate about the
Y-axis at the frequency of the second voltage while rotating,
the movable plate about the X-axis at the frequency of the
first voltage. In this way, 1t 1s possible to perform two-
dimensional scanning with light retlected from the light
reflecting portion of the movable plate.

However, 1n the optical scanner disclosed in JP-A-2008-
216920, since the first shaft member 1s directly connected to
the side surface of the movable plate provided with the light
reflecting portion, stress 1s applied to the movable plate due
to the torsional deformation of the first shait member during
the rotation of the movable plate and the movable plate

warps. As a result, 1t 1s dithcult to accurately perform
scanning with light.

SUMMARY

An advantage of some aspects of the invention 1s to
provide an optical device, an optical scanner, and an 1mage
display device capable of performing two-dimensional scan-
ning with light while preventing the warping of a light
reflecting plate.

An aspect of the invention 1s directed to an optical device
including: a movable portion that 1s rotatable about a first
axis; a frame portion that 1s rotatable about a second axis
intersecting the first axis; a first shatt portion that supports
the movable portion so as to be rotatable about the first axis
with respect to the frame portion; and a permanent magnet
that 1s provided in the frame portion. The movable portion
includes a base portion and a light reflecting plate which 1s
fixed to the base portion and includes a light reflecting
portion with a light retflecting property. The frame portion 1s
provided so as to surround the base portion. The first shaft
portion mcludes one end connected to the base portion and
the other end connected to the frame portion. The light
reflecting plate 1s provided so as to be separated from the
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first shaft portion 1n a thickness direction. The permanent
magnet 1s fixed to a surface of the frame portion close to the
light reflecting plate.

According to the optical device having the above-men-
tioned configuration, the movable portion can be rotated
about the first axis and the second axis. Therefore, it 1s
possible to perform two-dimensional scanning with light
reflected from the light reflecting portion.

In particular, since the light reflecting plate 1s provided so
as to be separated from the first shait portion 1n the thickness
direction, 1t 1s possible to reduce the warping of the light
reflecting plate.

In the optical device according to the aspect of the
invention, it 1s preferable that the base portion, the frame
portion, and the first shait portion are formed using a device
layer of a Silicon-on-Insulator (SOI) substrate, and the light
reflecting plate 1s provided on a handle layer side of the SOI
substrate.

According to this configuration, it 1s possible to planarize
the surface of a structure including the base portion, the
frame portion, the first shait portion, and the second shaft
portion which 1s opposite to the light reflecting plate. There-
fore, when the permanent magnet 1s provided with respect to
the frame portion and when the light reflecting plate 1s
provided with respect to the base portion, 1t 1s possible to
support the frame portion and the base portion using a jig
with a simple structure.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the light reflecting plate 1s
fixed to the base portion through a spacer, and the permanent
magnet 1s provided so as not to overlap the spacer, as viewed
from the thickness direction of the light reflecting plate.

According to this configuration, 1t 1s possible to rotate the
light reflecting plate while preventing contact with the first
shaft portion, the frame portion, the second shaft portion,
and the permanent magnet.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the permanent magnet
includes a pair of permanent magnets which are opposite to
cach other with the spacer interposed therebetween.

According to this configuration, 1t 1s possible to smoothly
rotate the frame portion about the second axis.

In the optical device according to the aspect of the
invention, it 1s preferable that a rib which protrudes toward
the light reflecting plate 1s formed on the frame portion.

According to this configuration, 1t 1s possible to improve
the rigidity of the frame portion. In addition, since the rib
protrudes toward the light retlecting plate, 1t 1s possible to
form a surface of the frame portion opposite to the light
reflecting plate and a surface of the base portion opposite to
the light reflecting plate along the same plane. Therefore,
when the permanent magnet 1s provided with respect to the
frame portion and when the light retlecting plate 1s provided
with respect to the base portion, 1t 1s possible to support the
frame portion and the base portion using a j1g with a simple
structure.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the permanent magnet 1s fixed
to a top surface of the rib.

According to this configuration, 1t 1s possible to rotate the
movable portion about the first axis while preventing the
contact of the base portion with the permanent magnet.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the rib 1s formed 1n a region
which does not overlap the permanent magnet, as viewed
from the thickness direction of the frame portion.
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According to this configuration, it 1s possible to bring the
center of gravity of a vibration system about the second axis
close to the second axis. As a result, it 1s possible to
smoothly rotate the light reflecting plate about the second
axis.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the rib 1s formed so as to
regulate the movement of the permanent magnet 1 a direc-
tion perpendicular to the thickness direction of the frame
portion.

According to this configuration, 1t 1s possible to easily
provide the permanent magnet with respect to the frame
portion.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the light reflecting plate 1s
provided so as to overlap at least a part of the first shaft
portion, as viewed from the thickness direction.

According to this configuration, 1t 1s possible to reduce the
s1ze of the optical device.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the light reflecting plate 1s
tormed so as to cover the entire first shait portion, as viewed
from the thickness direction.

According to this configuration, 1t 1s possible to increase
the area of the light reflecting portion. In addition, 1t 1s
possible to prevent the generation of stray light due to the
reflection of unnecessary light from the first shaft portion.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the light reflecting plate 1s
formed so as to cover the entire frame portion, as viewed
from the thickness direction.

According to this configuration, 1t 1s possible to increase
the area of the light reflecting portion. In addition, 1t 1s
possible to prevent the generation of stray light due to the
reflection of unnecessary light from the frame portion.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the optical device further
includes a second shaft portion that includes one end con-
nected to the frame portion and supports the frame portion
so as to be rotatable about the second axis, and the light
reflecting plate 1s formed so as to cover the entire second
shaft portion, as viewed from the thickness direction.

According to this configuration, 1t 1s possible to increase
the area of the light reflecting portion. In addition, 1t 1s
possible to prevent the generation of stray light due to the
reflection of unnecessary light from the second shaift portion.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the optical device further
includes a coil that 1s provided opposite to the frame portion
and a voltage applying unit that applies a voltage to the coil,
the permanent magnet 1s arranged such that one magnetic
pole and the other magnetic pole are opposite to each other
with the second axis interposed therebetween, as viewed
from the thickness direction of the frame portion, and 1is
magnetized 1n a direction which 1s inclined with respect to
the first axis and the second axis, the voltage applying unit
applies, to the coil, a superimposed voltage of a first voltage
with a first frequency and a second voltage with a second
frequency different from the first frequency, and the movable
portion 1s rotated about the first axis at the first frequency
and 1s rotated about the second axis at the second frequency.

According to this configuration, 1t 1s possible to rotate the
light reflecting plate about the first axis and the second axis
while reducing the number of components.

In the optical device according to the aspect of the
invention, 1t 1s preferable that the permanent magnet has a
longitudinal shape and 1s magnetized mn a longitudinal
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4

direction, and the end of permanent magnet 1s arranged on
the first axis, as viewed from the thickness direction of the
frame portion.

According to this configuration, 1t 1s possible to smoothly
rotate the light reflecting plate about the second axis.

Another aspect of the invention 1s directed to an optical
scanner mcluding: a movable portion that 1s rotatable about
a first axis; a frame portion that 1s rotatable about a second
axis 1ntersecting the first axis; a first shaft portion that
supports the movable portion so as to be rotatable about the
first axis with respect to the frame portion; and a permanent
magnet that 1s provided in the frame portion. The movable
portion 1ncludes a base portion and a light reflecting plate
which 1s fixed to the base portion and includes a light
reflecting portion with a light reflecting property. The frame
portion 1s provided so as to surround the base portion. The
first shaft portion includes one end connected to the base
portion and the other end connected to the frame portion.
The light reflecting plate 1s provided so as to be separated
from the first shaft portion in a thickness direction. The
permanent magnet 1s fixed to a surface of the frame portion
close to the light reflecting plate.

According to the optical scanner having the above-men-
tioned configuration, it 1s possible to perform two-dimen-
sional scanning with light while reducing the size of a
device.

Still another aspect of the invention 1s directed to an
image display device including: a movable portion that 1s
rotatable about a first axis; a frame portion that is rotatable
about a second axis intersecting the first axis; a first shaft
portion that supports the movable portion so as to be
rotatable about the first axis with respect to the frame
portion; and a permanent magnet that 1s provided in the
frame portion. The movable portion includes a base portion
and a light reflecting plate which 1s fixed to the base portion
and includes a light reflecting portion with a light reflecting
property. The frame portion 1s provided so as to surround the
base portion. The first shaft portion includes one end con-
nected to the base portion and the other end connected to the
frame portion. The light reflecting plate 1s provided so as to
be separated from the first shaft portion i1n a thickness
direction. The permanent magnet 1s fixed to a surface of the
frame portion close to the light reflecting plate.

According to the image display device having the above-
mentioned configuration, 1t 1s possible to perform two-

dimensional scanning with light while reducing the size of
a device.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 1s a plan view 1illustrating an optical scanner
(optical device) according to a first embodiment of the
invention.

FIG. 2 1s a cross-sectional view (a cross-sectional view
taken along the X-axis) illustrating the optical scanner
shown 1 FIG. 1.

FIG. 3 15 a block diagram 1llustrating a voltage applying
unit of a driving unit included 1n the optical scanner shown
in FIG. 1.

FIGS. 4A and 4B are diagrams illustrating examples of
voltages generated by a first voltage generating unit and a
second voltage generating unit shown in FIG. 3.
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FIG. 5 1s a plan view 1illustrating an optical scanner
(optical device) according to a second embodiment of the
invention.

FIG. 6 1s a cross-sectional view (a cross-sectional view
taken along the X-axis) illustrating the optical scanner >
shown 1n FIG. 5.

FIG. 7 1s a plan view 1illustrating an optical scanner
(optical device) according to a third embodiment of the
invention.

FIG. 8 1s a cross-sectional view (a cross-sectional view 10
taken along the X-axis) illustrating the optical scanner
shown 1n FIG. 7.

FIG. 9 1s a diagram schematically illustrating an 1mage
display device according to an embodiment of the invention.

FIG. 10 is a perspective view illustrating an image display 15
device according to Application Example 1 of the invention.

FIG. 11 1s a perspective view illustrating an image display
device according to Application Example 2 of the invention.

FIG. 12 15 a perspective view 1llustrating an image display
device according to Application Example 3 of the invention. 2¢

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinatter, an optical device, an optical scanner, and an 25
image display device according to exemplary embodiments
of the mvention will be described with reference to the
accompanying drawings. In the following embodiments, a
representative example 1 which the optical device accord-

ing to the mvention 1s applied to the optical scanner will be 30
described.

First Embodiment

FIG. 1 1s a plan view illustrating an optical scanner 35
(optical device) according to a first embodiment of the
invention. FIG. 2 1s a cross-sectional view illustrating the
optical scanner shown i1n FIG. 1 (a cross-sectional view
taken along the X-axis). FIG. 3 1s a block diagram 1llustrat-
ing a voltage applving unit of a driving unit included 1n the 40
optical scanner shown in FIG. 1. FIGS. 4A and 4B are
diagrams 1illustrating examples of voltages generated by a
first voltage generating unit and a second voltage generating
unit shown in FIG. 3. Heremnafter, for convenience of
explanation, the upper and lower sides of FIG. 2 are referred 45
to as “upper” and “lower” sides.

As shown 1n FIGS. 1 and 2, the optical scanner 1 includes
a movable portion 11, a pair of shaft portions 12a and 125
(first shait portions), a frame portion 13, two pairs of shait
portions 14a, 14b, 14¢, and 14d (second shait portions), a 50
supporting portion 135, permanent magnets 21aq and 215, a
coil 31, a magnetic core 32, and a voltage applying unit 4.

The movable portion 11 and the pair of shait portions 124
and 126 form a first vibration system that 1s rotated (recip-
rocatively rotated) about the Y-axis (first axis) aligned with 55
the shait portions 12a and 126. In addition, the movable
portion 11, the pair of shait portion 12aq and 12b, the frame
portion 13, the two pairs of shaft portions 14a, 145, 14¢, and
144, and the permanent magnet 21aq and 215 form a second
vibration system that i1s rotated (reciprocatively rotated) 6o
about the X-axis (second axis) aligned with the two pairs of
shaft portions 14a, 14b, 14¢, and 144d.

The permanent magnets 21a and 215, the coil 31, and the
voltage applying unit 4 form the driving unit that drives the
first vibration system and the second vibration system (that 65
1s, rotates the movable portion 11 about the X-axis and the

Y-axis).

6

Next, each unit of the optical scanner 1 will be sequen-
tially described 1n detail.

The movable portion 11 includes a base portion 111 and
a light reflecting plate 113 which 1s fixed to the base portion
111 through a spacer 112.

A light reflecting portion 114 with a light reflecting
property 1s provided on the upper surface (one surface) of
the light reflecting plate 113.

The light reflecting plate 113 is separated from the shaft
portions 12a and 125 1n the thickness direction and overlaps
the shatt portions 12a and 1254, as viewed from the thickness
direction (hereinafter, referred to as “in a plan view”).

Therefore, 1t 1s possible to increase the area of the surface
of the light reflecting plate 113 while reducing the distance
between the shait portion 12a and the shait portion 12b.
Since the distance between the shaft portion 12a¢ and the
shaft portion 125 can be reduced, it 1s possible to reduce the
s1ize of the frame portion 13. Since the size of the frame
portion 13 can be reduced, it 1s possible to reduce the
distance between the shaft portions 14a¢ and 146 and the
shaft portions 14¢ and 144d.

In this way, even when the area of the surface of the light
reflecting plate 113 increases, 1t 1s possible to reduce the size
of the optical scanner 1.

Since the light reflecting plate 113 1s separated from the
shaft portions 12a and 125 in the thickness direction, that 1s,
the shatt portions 12aq and 1254 are not directly connected to
the light reflecting plate 113, 1t 1s possible to prevent or
suppress the application of stress to the light reflecting plate
113 due to the torsional deformation of the shait portions
12a and 126 during the rotation of the light reflecting plate
113. As a result, 1t 1s possible to reduce the warping of the
light reflecting plate 113.

The permanent magnets 21a and 216 are fixed to the
surface of the frame portion 13 close to the light reflecting
plate 113. Therefore, for example, 1t 1s possible to reduce the
length of the optical scanner 1 1n the vertical direction 1n
FIG. 2, as compared to a case in which the permanent
magnets 21a and 215 are fixed to the surface of the frame
portion 13 opposite to the light reflecting plate 113. As a
result, 1t 1s possible to reduce the size of the optical scanner.

The light reflecting plate 113 1s formed so as to cover the
entire shaft portions 12a¢ and 1256 1n a plan view. In other
words, each of the shait portions 12a and 125 1s disposed
inside the outer circumierence of the light reflecting plate
113 1n a plan view. Therefore, the area of the surface of the
light reflecting plate 113 increases. As a result, 1t 1s possible
to increase the area of the light reflecting portion 114. In
addition, 1t 1s possible to prevent the generation of stray light
due to the reflection of unnecessary light from the shaft
portions 12a and 12b.

The light reflecting plate 113 1s formed so as to cover the
entire frame portion 13 1n a plan view. In other words, the
frame portion 13 1s disposed inside the outer circumierence
of the light reflecting plate 113 1n a plan view. Therefore, the
area of the surface of the light reflecting plate 113 increases.
As a result, 1t 1s possible to increase the area of the light
reflecting portion 114. In addition, 1t 1s possible to prevent
the generation of stray light due to the reflection of unnec-
essary light from the frame portion 13.

The light reflecting plate 113 1s formed so as to cover all
of the shait portions 14a, 145, 14¢, and 144 1n a plan view.
In other words, each of the shatt portions 14a, 145, 14¢, and
144 1s disposed inside the outer circumierence of the light
reflecting plate 113 1n a plan view. Therefore, the area of the
surface of the light reflecting plate 113 increases. As a result,
it 1s possible to increase the area of the light reflecting
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portion 114. In addition, 1t 1s possible to prevent the gen-
eration of stray light due to the reflection of unnecessary
light from the shaft portions 14a, 145, 14¢, and 14d.

In this embodiment, the light reflecting plate 113 has a
circular shape 1n a plan view. The planar shape of the light
reflecting plate 113 1s not limited thereto, but may be, for
example, an ellipse or a polygon such as a rectangle.

A hard layer 115 1s provided on the lower surface (the
other surface) of the light reflecting plate 113.

The hard layer 115 1s made of a material harder than that
forming the body of the light reflecting plate 113. In this
way, 1t 1s possible to increase the rigidity of the light
reflecting plate 113. Therefore, 1t 1s possible to prevent or
suppress the warping of the light retlecting plate 113 during
rotation. In addition, the thickness of the light reflecting
plate 113 1s reduced to suppress the moment of 1nertia when
the light reflecting plate 113 1s rotated about the X-axis and
the Y-axis.

The hard layer 115 may be made of any material harder
than that forming the body of the light reflecting plate 113.
For example, diamond, a carbon nitride film, crystal, sap-
phire, lithium tantalate, or potasstum niobate may be used as
the material forming the hard layer 115. In particular, 1t 1s
preferable to use diamond as the matenal.

The thickness (average) of the hard layer 115 is not
particularly limited. For example, the thickness 1s preferably
in the range of about 1 um to 10 um and more particularly
in the range of about 1 um to 5 um.

The hard layer 115 may be a single layer or a laminate of
a plurality of layers. The hard layer 115 1s provided if
necessary and may be omitted.

The hard layer 115 may be formed by, for example, a
chemical vapor deposition (CVD) method, such as plasma
CVD, thermal CVD, or laser CVD, a dry plating method,
such as vacuum deposition, sputtering, or 10n plating, a wet
plating method, such as electrolytic plating, 1immersion
plating, or electroless plating, thermal spraying, and a sheet-
shaped member bonding method.

The lower surface of the light reflecting plate 113 1s fixed
to the base portion 111 through the spacer 112. In this way,
it 1s possible to rotate the light reflecting plate 113 about the
Y-axis while preventing the contact of the light reflecting
plate 113 with the shaft portions 12¢ and 125, the frame
portion 13, and the shaft portions 14a, 145, 14¢, and 144d.

Each base portion 111 1s disposed inside the outer cir-
cumierence of the light reflecting plate 113 in a plan view.
It 1s preferable that the area of the base portion 111 1n a plan
view be as small as possible as long as the base portion 111
can support the light reflecting plate 113 through the spacer
112. In this way, 1t 1s possible to reduce the distance between
the shaft portion 12¢ and the shait portion 126 while
increasing the area of the surface of the light reflecting plate
113.

The frame portion 13 has a frame shape and 1s provided
so as to surround the base portion 111 of the movable portion
11. In other words, the base portion 111 of the movable
portion 11 1s provided inside the frame portion 13 having the
frame shape.

The frame portion 13 1s supported by the supporting
portion 15 through the shaft portions 14a, 145, 14¢, and 144.
The base portion 111 of the movable portion 11 is supported
by the frame portion 13 through the shait portions 12a and
125.

The length of the frame portion 13 in a direction along the
Y-axis 1s more than the length thereof in a direction along the
X-axis. That 1s, when the length of the frame portion 13 in
the direction along the Y-axis 1s “a” and the length of the
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frame portion 13 1n the direction along the X-axis 1s “b™, a>b
1s satisfied. In this way, it 1s possible to suppress the length
of the optical scanner 1 in the direction along the X-axis
while ensuring the necessary length of the shaft portions 12a
and 12b.

The frame portion 13 has a shape corresponding to the
outer shape of a structure including the base portion 111 of
the movable portion 11 and the pair of shaft portions 12a and
1256 1n a plan view. In this way, it 1s possible to reduce the
s1ze of the frame portion 13 while permitting the vibration
of the first vibration system including the movable portion
11, the pair of shaft portions 12a and 125, and the permanent
magnets 21a and 215, that 1s, the rotation of the movable
portion 11 about the Y-axis.

The shape of the frame portion 13 i1s not limited to that
shown 1n the drawings as long as the frame portion 13 has
a frame shape.

Each of the shait portions 12a and 126 and the shait
portions 14a, 145, 14¢, and 144 can be elastically deformed.

The shait portions 12a and 125 connect the movable
portion 11 and the frame portion 13 such that the movable
portion 11 can be rotated (oscillated) about the Y-axis (first
axis). The shait portions 14a, 145, 14¢, and 14d connect the
frame portion 13 and the supporting portion 135 such that the
frame portion 13 can be rotated (oscillated) about the X-axis
(second axis) perpendicular to the Y-axis.

The shait portions 12a and 1256 are arranged so as to be
opposite to each other with the base portion 111 of the
movable portion 11 interposed therebetween. In addition,
cach of the shait portions 12¢ and 126 has a longitudinal
shape which extends 1n the direction along the Y-axis. Each
of the shait portions 12aq and 125 has one end connected to
the base portion 111 and the other end connected to the
frame portion 13. Each of the shaft portions 12a and 125 1s
arranged such that the central axis thereof 1s aligned with the
Y-axis.

The shatt portions 12a and 125 are torsionally deformed
with the rotation of the movable portion 11 about the Y-axis.

The shaft portions 14a and 145 and the shaft portions 14¢
and 144 are arranged so as to be opposite to each other with
the frame portion 13 interposed therebetween. Each of the

shaft portions 14a, 145, 14¢, and 144 has a longltudmal
shape which extends in the direction along the X-axis. Fach
of the shaft portions 14a, 14b, 14¢, and 144 has one end
connected to the frame portion 13 and the other end con-
nected to the supporting portion 15. The shait portions 14a
and 14b are arranged so as to be opposite to each other with
the X-axis interposed therebetween. Similarly, the shaft
portions 14¢ and 14d are arranged so as to be opposite to
cach other with the X-axis iterposed therebetween.

For the shait portions 14a, 14b, 14¢, and 14d, the entire
shaft portions 14a and 145 and the entire shait portions 14¢
and 14d are torsionally deformed with the rotation of the
frame portion 13 about the X-axis.

As such, since the movable portion 11 can be rotated
about the Y-axis and the frame portion 13 can be rotated
about the X-axis, 1t 1s possible to rotate the movable portion
11 about two axes, that 1s, the X-axis and the Y-axis
perpendicular to each other.

The shapes of the shaft portions 12a and 125 and the shaft
portions 14a, 14b, 14c¢, and 14d are not limited to the
above-mentioned shapes. For example, each of the shaft
portions 12a and 1256 and the shaft portions 14a, 1456, 14c,
and 144 may 1nclude at least one curved or bent portion or
at least one branched portion.
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The base portion 111, the shaft portions 12a and 125, the
frame portion 13, the shaft portions 14a, 145, 14¢, and 144,
and the supporting portion 15 are integrally formed.

In this embodiment, the base portion 111, the shaft
portions 12a and 126, the frame portion 13, the shaft
portions 14a, 146, 14¢, and 144, and the supporting portion
15 are formed by etching an SOI substrate which includes a
first S1 layer (device layer), a S10, layer (box layer), and a
second S1 layer (handle layer) formed 1n this order. In this
way, the first vibration system and the second vibration
system can have good vibration characteristics. The SOI
substrate can be finely processed by etching. Therefore,
when the SOI substrate 1s used to form the base portions 111,
the shaft portions 12a and 1254, the frame portion 13, the
shaft portions 14a, 145, 14¢, and 144, and the supporting
portion 15, it 1s possible to improve the accuracy of the
dimensions of the components. In addition, 1t 1s possible to
reduce the size of the optical scanner 1.

Each of the base portion 111, the shait portions 12a and
125, and the shatt portions 14a, 145, 14¢, and 144 1s formed

by the first S1 layer of the SOI substrate. Therefore, 1t 1s
possible to improve the elasticity of the shaft portions 124
and 126 and the shait portions 14a, 14b, 14¢, and 144. In
addition, 1t 1s possible to prevent the contact of the base
portion 111 with the frame portion 13 when the base portion
111 1s rotated about the Y-axis.

Each of the frame portion 13 and the supporting portion
15 1s formed by a laminate of the first S1 layer, the S10,
layer, and the second Si1 layer of the SOI substrate. There-
fore, 1t 1s possible to 1improve the rigidity of the frame
portion 13 and the supporting portion 15. In addition, the
S10, layer and the second S1 layer of the frame portion 13
form a rib 131.

The light reflecting plate 113 1s provided on the handle
layer side (the side where the frame portion 13 and the
supporting portion 15 protrude) of the base portion 111
which 1s formed using the device layer of the SOI substrate.
In this way, a surface of the structure including the base
portion 111, the frame portion 13, the shaft portion 124 and
125, and the shatt portion 14a, 145, 14¢, and 14d which 1s
opposite to the light reflecting plate 113 can be planarized.
Therefore, when the permanent magnets 21a and 215 are
provided with respect to the frame portion 13 and when the
light reflecting plate 113 1s provided with respect to the base
portion 111, 1t 1s possible to support the frame portion 13 and
the base portion 111 using a jig with a simple structure.

Since the rib 131 which protrudes toward the light reflect-
ing plate 113 (upper side) 1s provided on the frame portion
13, 1t 15 possible to improve the rigidity of the frame portion
13. Since the rib 131 protrudes toward the light reflecting
plate 113, the surface of the frame portion 13 opposite to the
light reflecting plate 113 and the surface of the base portion
111 opposite to the light reflecting plate 113 can be formed
along the same plane. Therefore, when the permanent mag-
nets 21a and 2156 are provided with respect to the frame
portion 13 and when the light reflecting plate 113 1s provided
with respect to the base portion 111, 1t 1s possible to support
the frame portion 13 and the base portion 111 using a j1g with
a simple structure.

It 1s preferable that an anftireflection treatment be per-
tormed for the upper surface of the supporting portion 15. In
this way, it 1s possible to prevent the generation of stray light
due to unnecessary light emitted to the supporting portion
15.

The antiretlection treatment 1s not particularly limaited.
Examples of the antiretlection treatment include the forma-
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tion of an antiretlection film (dielectric multi-layer film), a
surface roughening process, and a blackening process.

The materials forming the base portion 111, the shait
portions 12a and 125, and the shatt portions 14a, 145, 14c,
and 144 and the methods of forming them are illustrative
examples, but the mvention 1s not limited thereto.

In this embodiment, the spacer 112 and the light reflecting
plate 113 are also formed by etching the SOI substrate. The
spacer 112 1s formed by a laminate of the S10, layer and the
second S1 layer 1in the SOI substrate. The light reflecting
plate 113 1s formed by the first S1 layer of the SOI substrate.

As such, since the SOI substrate 1s used to form the spacer
112 and the light reflecting plate 113, 1t 1s possible to simply
manufacture the spacer 112 and the light reflecting plate 113
bonded to each other with high accuracy.

The spacer 112 1s bonded to the base portion 111 by a
bonding material (not shown) such as an adhesive or brazing
filler metal. The spacer 112 1s bonded to (provided on) the
base portion 111 after the permanent magnets 21a and 215
are bonded to (provided on) the frame portion 13.

The permanent magnets 21 and 215 are bonded and fixed
to the upper surface (the surface close to the light reflecting
plate 113) of the frame portion 13. In this way, 1t 1s possible
to provide the permanent magnets 21a and 215 with respect
to the frame portion 13 and provide the light reflecting plate
113 with respect to the base portion 111 with ease.

A method of bonding the permanent magnets 21a and 215
and the frame portion 13 1s not particularly limited. For
example, a bonding method using an adhesive may be used.

In this embodiment, the permanent magnets 21a and 215
are fixed to the top surfaces (upper surfaces) of the ribs 131
provided on the frame portion 13. Therefore, the rib 131 also
functions as a spacer and it 1s possible to rotate the movable
portion 11 about the Y-axis while preventing the contact of
the base portion 111 with the permanent magnets 21a and
21b.

The permanent magnets 21a and 215 are provided so as
not to overlap the spacer 112 of the movable portion 11 1n
a plan view. Therefore, 1t 1s possible to rotate the light
reflecting plate 113 while preventing contact with the shaft

portions 12a and 126, the frame portion 13, the shaft
portions 14a, 145, 14¢, and 144, and the permanent magnets
21a and 21b.

The pair of permanent magnets 21aq and 215 are opposite
to each other with the spacer 112 interposed therebetween.
Theretore, 1t 1s possible to smoothly rotate the frame portion
13 about the second axis.

The permanent magnets 21a and 215 are arranged such
that one magnetic pole and the other magnetic pole are
opposite to each other with the X-axis interposed therebe-
tween 1n a plan view and are magnetized in a direction which
1s 1nclined with respect to the X-axis and the Y-axis.

In this embodiment, the permanent magnets 21a and 215
cach have a longitudinal shape (rod shape) which extends 1n
a direction inclined with respect to the X-axis and the Y-axis.
The permanent magnets 21a and 215 are each magnetized 1n
the longitudinal direction. That 1s, the permanent magnets
21a and 2156 are each magnetized such that one end thereof
1s the S pole and the other end 1s the N pole.

In addition, one (upper 1 FIG. 1) end (N pole) of the
permanent magnet 21q 1s arranged on the Y-axis 1 a plan
view. Similarly, one (lower 1 FIG. 1) end (S pole) of the
permanent magnet 215 1s arranged on the Y-axis. Therefore,
it 15 possible to smoothly rotate the light reflecting plate 113
about the X-axis.
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The permanent magnets 21a and 215 are provided so as
to be symmetric (point-symmetric) with an intersection of
the X-axis and the Y-axis 1n a plan view.

The t1lt angle 0 of the magnetization direction (extension
direction) of each of the permanent magnets 21a and 215
with respect to the X-axis 1s not particularly limited, but 1s
preferably equal to or more than 30° and equal to or less than
60°, more preferably, equal to or more than 45° and equal to
or less than 60°, and most preferably, 45°. When the
permanent magnets 21a and 215 are provided 1n this way, it
1s possible to smoothly and reliably rotate the movable
portion 11 about the X-axis.

On the other hand, when the tilt angle 0 1s less than the
lower limait, 1n some cases, 1t 1s diflicult to sufliciently rotate
the movable portion 11 about the X-axis according to
conditions, such as the level of the voltage applied from the
voltage applying unit 4 to the coil 31. When the tilt angle O
1s more than the upper limit, in some cases, 1t 1s difficult to
suiliciently rotate the movable portion 11 about the Y-axis
according to conditions.

For example, a neodymium magnet, a ferrite magnet, a
samarium-cobalt magnet, an alnico magnet, or a bonded
magnet may be appropriately used as each of the permanent
magnets 21a and 215. Each of the permanent magnets 21a
and 215 1s formed by magnetizing a hard magnetic material.
For example, each permanent magnet 1s formed by arrang-
ing a hard magnetic material before magnetization on the
frame portion 13 and magnetizing the hard magnetic mate-
rial. When the magnetized permanent magnets 21q and 215
are provided on the frame portion 13, 1n some cases, it 1s
difficult to arrange the permanent magnets 21a and 215 at
desired positions due to the influence of the magnetic field
of the permanent magnets 21a and 215 or the external
magnetic field.

The coil 31 1s provided immediately below the permanent
magnets 21a and 21b. That 1s, the coil 31 1s provided so as
to face the lower surface of the frame portion 13. In this way,
it 1s possible to eflectively apply the magnetic field gener-
ated from the coil 31 to the permanent magnets 21q and 215.
Theretore, 1t 1s possible to reduce the power and size of the
optical scanner 1.

In this embodiment, the coil 31 1s wound around the
magnetic core 32. Therefore, 1t 1s possible to effectively
apply the magnetic field generated by the coil 31 to the
permanent magnets 21aq and 215. The magnetic core 32 may
be omitted.

The coil 31 1s electrically connected to the voltage apply-
ing unit 4.

When the voltage applying unit 4 applies a voltage to the
coil 31, the magnetic field having magnetic flux perpendicu-
lar to the X-axis and the Y-axis 1s generated from the coil 31.

As shown 1 FIG. 3, the voltage applying unit 4 includes
a first voltage generating unit 41 that generates a first voltage
V1 for dniving the movable portion 11 about the Y-axis, a
second voltage generating unit 42 that generates a second
voltage V2 for rotating the movable portion 11 about the
X-axis, and a voltage superimposition unit 43 that superim-
poses the first voltage V1 and the second voltage V2, and
applies the voltage superimposed by the voltage superim-
position unit 43 to the coil 31.

As shown 1n FIG. 4A, the first voltage generating unit 41
generates the first voltage V1 (horizontal scanning voltage)
which 1s periodically changed with a period T1. That 1s, the
first voltage generating unit 41 generates the first voltage V1
with a first frequency (1/T1).
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The first voltage V1 has the wavelorm of a sine wave.
Therefore, the optical scanner 1 can eflectively perform
main scanning with light. The waveform of the first voltage
V1 1s not limited thereto.

The first frequency (1/T1) 1s not particularly limited as
long as it 1s suitable for horizontal scanming. However, 1t 1s
preferable that the first frequency be 1n the range of 10 kHz
to 40 kHz.

In this embodiment, the first frequency 1s set to be equal
to the torsional resonance frequency (11) of the first vibra-
tion system (torsion vibration system) including the mov-
able portion 11 and the pair of shaft portions 12a and 125.
That 1s, the first vibration system 1s designed (manufactured)
such that the torsional resonance frequency 11 thereof 1s
suitable for horizontal scanning. Therefore, 1t 1s possible to
increase the rotation angle of the movable portion 11 about
the Y-axis.

As shown 1n FIG. 4B, the second voltage generating unit
42 generates the second voltage V2 (vertical scanning volt-
age) that 1s periodically changed with a period T2 different
from the period T1. That 1s, the second voltage generating
umt 42 generates the second voltage V2 with a second
frequency (1/12).

The second voltage V2 has the wavelorm of a sawtooth
wave. Therefore, the optical scanner 1 can eflectively per-
form vertical scanning (sub-scanning) with light. The wave-
form of the second voltage V2 1s not limited thereto.

The second frequency (1/12) 1s diflerent from the first
frequency (1/T1) and 1s not particularly limited as long as 1t
1s suitable for vertical scanning. However, it 1s preferable
that the second frequency be 1n the range o1 30 Hz to 120 Hz
(about 60 Hz). As such, when the frequency of the second
voltage V2 1s about 60 Hz and the frequency of the first
voltage V1 1s in the range of 10 kHz to 40 kHz as described
above, 1t 1s possible to rotate the movable portion 11 about
two axes (the X-axis and the Y-axis) perpendicular to each
other at a frequency which 1s suitable to draw an 1image 1n
the display. However, a combination of the frequency of the
first voltage V1 and the frequency of the second voltage V2
1s not particularly limited as long as the movable portion 11
can be rotated about each of the X-axis and the Y-axis.

In this embodiment, the frequency of the second voltage
V2 1s adjusted to be different from the torsional resonance
frequency (resonance frequency) of the second vibration
system (torsion vibration system) including the movable
portion 11, the pair of shaft portions 12a and 125, the frame
portion 13, the two pairs of shaft portions 14a, 145, 14¢, and
144, and the permanent magnets 21a and 215.

It 1s preferable that the frequency (second frequency) of
the second voltage V2 be lower than the frequency (first
frequency) of the first voltage V1. That 1s, 1t 1s preferable
that the period T2 1s longer than the period T1. In this way,
it 1s possible to reliably and smoothly rotate the movable
portion 11 about the X-axis at the second frequency while
rotating the movable portion 11 about the Y-axis at the first
frequency.

When the torsional resonance frequency of the first vibra-
tion system 1s 11 [Hz] and the torsional resonance frequency
of the second vibration system 1s 12 [Hz], the frequencies 11
and 12 preferably satisty the relationship 12<f1 and more
preferably the relationship 11=1012. In this way, 1t 1s possible
to rotate the movable portion 11 about the X-axis at the
frequency of the second voltage V2 while rotating the
movable portion 11 about the Y-axis at the frequency of the
first voltage V1. On the other hand, when the frequencies 11
and 12 satisty the relationship 11=1012, the first vibration
system 1s likely to vibrate due to the second frequency.




US 9,563,054 B2

13

Each of the first voltage generating unit 41 and the second
voltage generating unmit 42 1s connected to a control unit 7
and 1s driven on the basis of signals from the control umt 7.
The voltage superimposition unit 43 1s connected to the first
voltage generating unit 41 and the second voltage generating,
unit 42.

The voltage superimposition unit 43 includes an adder
43a for applying a voltage to the coil 31. The adder 43a
receives the first voltage V1 from the first voltage generating,
unit 41, receives the second voltage V2 from the second
voltage generating unit 42, superimposes the voltages, and
applies the superimposed voltage to the coil 31.

Next, a method of driving the optical scanner 1 will be
described. In this embodiment, as described above, the
frequency of the first voltage V1 1s set to be equal to the
torsional resonance frequency of the first vibration system
and the frequency of the second voltage V2 1s set to a value
that 1s diflerent from the torsional resonance frequency of
the second vibration system and is less than the frequency of
the first voltage V1 (for example, the frequency of the first
voltage V1 1s set to 18 kHz and the frequency of the second
voltage V2 1s set to 60 Hz).

For example, the voltage superimposition unit 43 super-
imposes the first voltage V1 shown in FIG. 4A and the
second voltage V2 shown i FIG. 4B and applies the
superimposed voltage to the coil 31.

Then, the first voltage V1 causes the magnetic field (this
magnetic field 1s referred to as a “magnetic field A1”) for
attracting one end (N pole) of each of the permanent
magnets 21a and 2156 to the coil 31 and for repulsing the
other end (S pole) of each of the permanent magnets 21a and
216 from the coil 31 and the magnetic field (this magnetic
field 1s referred to as a “magnetic field A2”) for repulsing
one end (N pole) of each of the permanent magnets 21aq and
2156 from the coil 31 and for attracting the other end (S pole)
of each of the permanent magnets 21a and 215 to the coil 31
to be alternately switched.

In the plan view of FIG. 1, the S pole of the permanent
magnet 21a 1s disposed on one side of the Y-axis and the N
pole of the permanent magnet 215 1s disposed on the other
side. Therefore, when the magnetic field A1 and the mag-
netic field A2 are alternately switched, vibration with a
torsional vibration component about the Y-axis 1s applied to
the frame portion 13. With the wvibration, the movable
portion 11 1s rotated about the Y-axis at the frequency of the
first voltage V1 while the shaft portions 12a and 1256 are
being torsionally deformed.

The frequency of the first voltage V1 1s equal to the
torsional resonance frequency of the first vibration system.
Therefore, 1t 1s possible to eflectively rotate the movable
portion 11 about the Y-axis using the first voltage V1. That
1s, even when vibration with a torsional vibration component
about the Y-axis of the frame portion 13 1s small, 1t 1s
possible to increase the rotation angle of the movable
portion 11 about the Y-axis associated with the vibration.

The second voltage V2 causes the magnetic field (this
magnetic field 1s referred to as a “magnetic field B1”) for
attracting one end (N pole) of each of the permanent
magnets 21a and 2156 to the coil 31 and for repulsing the
other end (S pole) of each of the permanent magnets 21a and
216 from the coil 31 and the magnetic field (this magnetic
field 1s referred to as a “magnetic field B2”) for repulsing
one end (N pole) of each of the permanent magnets 21aq and
2156 from the coil 31 and for attracting the other end (S pole)
of each of the permanent magnets 21 and 215 to the coil 31
to be alternately switched.
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In the plan view of FIG. 1, the N pole of each of the
permanent magnets 21a and 215 1s disposed on one side of

the X-axis and the S pole of each of the permanent magnets
21a and 2156 1s disposed on the other side. Therefore, when
the magnetic ficld B1 and the magnetic field B2 are alter-
nately switched, the frame portion 13 and the movable
portion 11 are rotated about the X-axis at the frequency of
the second voltage V2 while the shait portions 14a and 1456
and the shait portions 14¢ are 14d are being torsionally
deformed.

The frequency of the second voltage V2 1s set to be
significantly less than the frequency of the first voltage V1.
In addition, the torsional resonance frequency of the second
vibration system 1s designed to be less than the torsional
resonance frequency of the first vibration system. Therefore,
it 1s possible to prevent the movable portion 11 from being
rotated about the Y-axis at the frequency of the second
voltage V2.

As described above, in the optical scanner 1, since the
superimposed voltage of the first Veltage V1 and the second
voltage V2 1s applied to the coil 31, it 1s possible to rotate
the movable portion 11 about the X-axis at the frequency of
the second voltage V2 while rotating the movable portion 11
about the Y-axis at the frequency of the first voltage V1.
Theretfore, the costs and size of the device can be reduced
and the movable portion 11 can be rotated about each of the
X-axis and the Y-axis by an electromagnetic driving method
(moving magnet method). In addition, since the number of
components (the permanent magnets and the coil) forming
the driving source can be reduced, 1t 1s possible to achieve
a simple and small device. Since the coil 31 is separated
from the vibration system of the optical scanner 1, 1t is
possible to prevent the adverse eflect of heat generated from
the coil 31 on the vibration system.

In particular, since the light reflecting plate 113 1s sepa-
rated from the shafit portions 12a and 125 in the thickness
direction and overlaps the shait portions 12a and 125, as
viewed from the thickness direction, 1t 1s possible to reduce
the size of the optical scanner 1.

In addition, since the permanent magnets 21a and 215 are
fixed to the surface of the frame portion 13 close to the light
reflecting plate 113, 1t 1s possible to easily provide the
permanent magnets 21a and 215 with respect to the frame
portion 13 and provide the light reflecting plate 113 with
respect to the base portion 111.

Second Embodiment

Next, a second embodiment of the invention will be
described.

FIG. 5 1s a plan view illustrating an optical scanner
(optical device) according to the second embodiment of the
invention and FIG. 6 1s a cross-sectional view (a cross-
sectional view taken along the X-axis) illustrating the optical
scanner shown in FIG. 5. Hereialter, for convenience of
explanation, the upper and lower sides of FIG. 6 are referred
to as “upper” and “lower” sides.

Hereinafter, the second embodiment will be described
with an emphasis on the difference from the first embodi-
ment and the description of the same components as those in
the first embodiment will not be repeated. In FIGS. 5 and 6,
the same components as those in the first embodiment are
denoted by the same reference numerals.

The optical scanner according to this embodiment 1s
similar to the optical scanner according to the first embodi-
ment except for the structure (shape) of the frame portion
and the permanent magnets.
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As shown 1n FIG. 5, an optical scanner 1A according to
the second embodiment includes a frame portion 13A and
permanent magnets 22a and 22b.

The frame portion 13 A has a frame shape and 1s provided
so as to surround a base portion 111 of a movable portion 11.

The frame portion 13A 1s supported by a supporting

portion 15 through shaft portions 14a, 145, 14¢, and 144.
The base portion 111 of the movable portion 11 1s supported

by the frame portion 13A through shaft portions 12a and
125.

In this embodiment, the frame portion 13 A includes a rib
131A.

The rib 131 A 1s formed 1n a region which does not overlap
the permanent magnets 22a and 22b, as viewed from the
thickness direction of the frame portion 13A. In this way, 1t
1s possible to bring the center of gravity of a vibration
system (second vibration system) about the X-axis close to
the X-axis. As a result, 1t 1s possible to smoothly rotate alight
reflecting plate 113 about the X-axis.

The rib 131 A 1s formed so as to regulate the movement of
the permanent magnets 22q¢ and 226 1 a direction (a
direction parallel to the X-axis and the Y-axis) vertical to the
thickness direction of the frame portion 13A. In other words,
the rib 131A 1includes a portion (guide portion) which 1s
formed along the outer shape of the permanent magnets 22a
and 226 1 a plan view. Therefore, 1t 1s possible to easily
provide the permanent magnets 22a and 225 with respect to
the frame portion 13A.

The rib 131A 1s formed by processing a handle layer and
a box layer of an SOI substrate such that a region 1n which

the permanent magnets 22a and 22b are provided 1s
excluded.

The permanent magnets 22a and 225 are fixed to apart of
the frame portion 13 A which 1s formed of a device layer.

In this embodiment, a concave portion 221a 1s formed in
a portion of the permanent magnet 22a which faces the base
portion 111. Stmilarly, a concave portion 2215 1s formed in
a portion of the permanent magnet 2256 which faces the base
portion 111. The formation of the concave portions 221a and
2215 makes 1t possible to prevent the contact of the base
portion 111 with the permanent magnets 22a and 22b.

According to the optical scanner 1A of the second
embodiment, it 1s possible to perform two-dimensional
scanning with light while reducing the size of a device.

Third Embodiment

Next, a third embodiment of the invention will be
described.

FIG. 7 1s a plan view illustrating an optical scanner
(optical device) according to the third embodiment of the
invention and FIG. 8 1s a cross-sectional view (a cross-
sectional view taken along the X-axis) illustrating the optical
scanner shown in FIG. 7. Hereinafter, for convenience of
explanation, the upper and lower sides of FIG. 8 are referred
to as “upper” and “lower” sides.

Hereinafter, the third embodiment will be described with
an emphasis on the difference from the first embodiment and
the description of the same components as those 1n the first
embodiment will not be repeated. In FIGS. 7 and 8, the same
components as those 1n the first embodiment are denoted by
the same reference numerals.

The optical scanner according to this embodiment 1s
similar to the optical scanner according to the first embodi-
ment except for the structure (shape) of the frame portion
and the permanent magnets.
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As shown 1n FIG. 7, an optical scanner 1B according to
the third embodiment includes a frame portion 13B and
permanent magnets 23a and 235.

The frame portion 13B has a frame shape and 1s provided
so as to surround a base portion 111 of a movable portion 11.

The frame portion 13B 1s supported by a supporting
portion 15 through shait portions 14a, 145, 14¢, and 144.
The base portion 111 of the movable portion 11 1s supported
by the frame portion 13B through shaft portions 12a and
125.

In this embodiment, the frame portion 13B includes a r1b
131B.

The rib 131B 1s formed 1n a region which does not overlap
the permanent magnets 23a and 235, as viewed from the
thickness direction of the frame portion 13B. In this way, 1t
1s possible to bring the center of gravity of a vibration
system about the X-axis close to the X-axis. As a result, it
1s possible to smoothly rotate the light reflecting plate 113
about the X-axis.

The r1b 131B 1s formed so as to regulate the movement of
the permanent magnets 23a and 235 1n a direction vertical to
the thickness direction of the frame portion 13B. In this way,
it 1s possible to easily provide the permanent magnets 23a
and 235 with respect to the frame portion 13B.

In this embodiment, the permanent magnets 23aq and 235
are provided so as not to overlap the base portion 111 of the
movable portion 11 1n a plan view. In this way, it 1s possible
to prevent the contact of the base portion 111 with the
permanent magnets 23aq and 235.

According to the optical scanner 1B of the third embodi-
ment, 1t 1s possible to perform two-dimensional scanming
with light while reducing the size of a device.

Image Display Device According to Embodiment

FIG. 9 1s a diagram schematically illustrating an image
display device according to an embodiment of the invention.

In this embodiment, a case 1n which the optical scanner 1
1s used as an optical scanner of an 1maging display which 1s
an example of an 1mage display device will be described.
The lengthwise direction of a screen S 1s referred to a
“lateral direction” and a direction perpendicular to the
lengthwise direction 1s referred to as a “longitudinal direc-
tion”. In addition, the X-axis 1s parallel to the lateral
direction of the screen S and the Y-axis i1s parallel to the
longitudinal direction of the screen S.

An 1mage display device (projector) 9 includes a light
source device (light source) 91 that emits light, such as a
laser beam, a plurality of dichroic mirrors 92A, 92B, and
92C, and the optical scanner 1.

The light source device 91 includes a red light source
device 911 that emits red light, a blue light source device 912
that emits blue light, and a green light source device 913 that
emits green light.

The dichroic mirrors 92A, 92B, and 92C are optical

clements that compose light components emitted from the
red light source device 911, the blue light source device 912,
and the green light source device 913.
The image display device 9 1s formed such that the
dichroic mirrors 92A, 92B, and 92C compose light emitted
from the light source device 91 (the red light source device
911, the blue light source device 912, and the green light
source device 913) on the basis of 1mage information from
a host computer (not shown), the optical scanner 1 performs
two-dimensional scanning with the composed light, and a
color 1image 1s formed on the screen S.

During two-dimensional scanming, the screen S 1s scanned
in the lateral direction with light which is reflected from the
light reflecting portion 114 by the rotation of the movable
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portion 11 of the optical scanner 1 about the Y-axis (main
scanning). On the other hand, the screen S 1s scanned 1n the
longitudinal direction with light which 1s reflected from the
light retlecting portion 114 by the rotation of the movable
portion 11 of the optical scanner 1 about the X-axis (sub-
scanning).

In FIG. 9, after the optical scanner 1 performs two-
dimensional scanning with light which 1s composed by the
dichroic mirrors 92A, 92B, and 92C, the light 1s retlected

from a {ixed mirror 93 and an 1image 1s formed on the screen
S. However, the fixed mirror 93 may be omitted and light
which 1s used by the optical scanner 1 to perform two-

dimensional scanning may be directly emitted to the screen
S.

Next, image display devices according to application
examples will be described.

Image Display Device According to Application Example 1

FI1G. 10 1s a perspective view 1llustrating an image display
device according to Application Example 1 of the invention.

As shown 1n FIG. 10, the image display device 9 can be
applied to a portable 1image display apparatus 100.

The portable 1mage display apparatus 100 includes a
casing 110 with dimensions which enables the user to hold
the casing 110 with hand and an image display device 9
which 1s provided in the casing 110. It 1s possible to display
a predetermined 1image on a predetermined surface, such as
a screen or a desk, using the portable image display appa-
ratus 100.

The portable 1mage display apparatus 100 includes a
display 120 which displays predetermined information, a
keypad 130, an audio port 140, control buttons 150, a card

slot 160, and an AV port 170.

The portable image display apparatus 100 may have other
functions such as a communication function and a GPS
reception function.

Image Display Device According to Application Example 2

FI1G. 11 15 a perspective view illustrating an image display
device according to Application Example 2 of the invention.

As shown 1n FIG. 11, the image display device 9 can be
applied to a head-up display system 200.

In the head-up display system 200, the image display
device 9 1s provided 1n a dashboard of a vehicle so as to form
a head-up display 210. The head-up display 210 can display
a predetermined 1mage, such as the image of a route to the
destination, on a front glass 220.

The application of the head-up display system 200 is not
limited to the vehicle, but the head-up display system 200
may be applied to, for example, airplanes and ships.
Image Display Device According to Application Example 3

FI1G. 12 1s a perspective view 1llustrating an image display
device according to Application Example 3 of the invention.

As shown 1 FIG. 12, the image display device 9 can be
applied to a head-mounted display 300.

That 1s, the head-mounted display 300 includes glasses
310 and the image display device 9 provided 1n the glasses
310. The image display device 9 displays a predetermined
image which 1s viewed by one eye on a display unit 320
which 1s provided in a portion of the glasses 310 corre-
sponding to the original lens.

The display unit 320 may be transparent or opaque. When
the display unit 320 is transparent, mnformation from the
image display device 9 may be added to information from
the real world and the added information may be used.

The head-mounted display 300 may be provided with two
image display devices 9 and images which are viewed by
both eyes may be displayed on two display unaits.
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The optical devices, the optical scanners, and the 1mage
display devices according to the embodiments of the inven-
tion have been described above with reference to the shown
embodiments, but the invention 1s not limited thereto. For
example, 1n the optical devices, the optical scanners, and the
image display devices according to the embodiments of the
invention, the structure of each unit may be replaced with
any structure with the same function and any other structures
may be added.

In the above-described embodiments of the invention, two
or more arbitrary structures (features) may be combined
with each other.

In the above-described embodiments, two (a pair of) first
shaft portions are provided, but the invention 1s not limited
thereto. For example, four or more (two or more pairs of)
first shaft portions may be provided.

In the above-described embodiments, four (two pairs of)
second shaft portions are provided but the mvention 1s not
limited thereto. For example, two (a pair of) second shaft
portions or s1x or more (three or more pairs of) second shaft
portions may be provided.

In the above-described embodiments, the light reflecting
plate covers the entire first shait portion, the entire frame
portion, and the entire second shait portion 1 a plan view.
However, the light reflecting plate may cover at least a part
of the first shaft portion (the base-side end of the movable
portion) 1n a plan view. In this case, as described above, 1t
1s possible to reduce the size of the optical device, increase
the area of the light reflecting plate, prevent the warping of
the light reflecting plate, and prevent the generation of stray
light due to the base-side end of the first shaft portion.

In the above-described embodiments, the SOI substrate 1s
processed to form the light reflecting plate and the spacer.
However, the invention 1s not limited thereto. For example,
the light retlecting plate and the spacer may be formed from
a separate substrate.

In addition, the spacer between the light reflecting plate
and the base portion may be a soldering ball. In this case, for
example, metal films may be formed on the spacer-side
surfaces of the light reflecting plate and the base portion and
the metal films may be bonded to each other by the soldering
ball.

In the above-described embodiments, the optical device
according to the mvention 1s applied to the optical scanner.
However, the invention 1s not limited thereto. For example,
the optical device according to the invention may be applied
to other optical devices such as a light switch and an optical
attenuator.

In the above-described embodiments, the movable portion
1s rotated about two axes which are perpendicular to each
other by the rotation and vibration of the frame portion.
However, the invention 1s not limited thereto. For example,
a unit which rotates the movable portion about the first axis
may be provided separately from a umt which rotates the
frame portion about the second axis. In this case, the unit
which rotates the movable portion about the first axis may
be, for example, a known driving type, such as a piezoelec-
tric driving type, an electromagnetic driving type, or an
clectrostatic driving type.

The entire disclosure of Japanese Patent Application No.
2012-109185, filed May 11, 2012 1s expressly incorporated

by reference herein.
What 1s claimed 1s:
1. An optical device comprising:
a movable portion that i1s rotatable about a first axis;
a frame portion that i1s rotatable about a second axis
intersecting the first axis;
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a first shait portion that supports the movable portion so
as to be rotatable about the first axis with respect to the
frame portion; and

a permanent magnet that 1s provided 1n the frame portion,

wherein the movable portion includes a base portion and
a light reflecting plate which 1s fixed to the base portion
and includes a light reflecting portion with a light
reflecting property,

the frame portion 1s provided so as to surround the base
portion,

the first shaft portion includes one end connected to the
base portion and the other end connected to the frame
portion,

the light reflecting plate 1s provided so as to be separated
from the first shait portion in a thickness direction,

the permanent magnet 1s fixed to a surface of the frame
portion close to the light reflecting plate, wherein the
permanent magnet 1s on the same side of the frame
portion as the light reflecting plate,

the permanent magnet 1s arranged such that one magnetic
pole and the other magnetic pole are opposite to each
other with the second axis interposed therebetween, as
viewed from the thickness direction of the frame por-
tion,

the permanent magnet has a longitudinal shape and 1s
magnetized 1n a longitudinal direction, and

one end of permanent magnet 1s arranged on the first axis,
as viewed from the thickness direction of the frame
portion.

2. The optical device according to claim 1,

wherein the base portion, the frame portion, and the first
shaft portion are formed using a device layer of a
Silicon-on-Insulator (SOI) substrate, and

the light reflecting plate 1s provided on a handle layer side
of the SOI substrate.

3. The optical device according to claim 1,

wherein the light reflecting plate 1s fixed to the base
portion through a spacer, and

the permanent magnet 1s provided so as not to overlap the
spacer, as viewed from the thickness direction of the
light reflecting plate.

4. The optical device according to claim 3,

wherein the permanent magnet includes a pair of perma-
nent magnets which are opposite to each other with the
spacer mterposed therebetween.
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5. The optical device according to claim 1,

wherein a rib which protrudes toward the light reflecting
plate 1s formed on the frame portion.

6. The optical device according to claim 3,

wherein the permanent magnet 1s fixed to a top surface of

the rib.

7. The optical device according to claim 5,

wherein the nb 1s formed 1n a region which does not
overlap the permanent magnet, as viewed from the
thickness direction of the frame portion.

8. The optical device according to claim 7,

wherein the rib 1s formed so as to regulate the movement
of the permanent magnet 1n a direction perpendicular to
the thickness direction of the frame portion.

9. The optical device according to claim 1,

wherein the light reflecting plate 1s provided so as to
overlap at least a part of the first shaft portion, as
viewed from the thickness direction.

10. The optical device according to claim 9,

wherein the light reflecting plate 1s formed so as to cover
the entire first shaft portion, as viewed from the thick-
ness direction.

11. The optical device according to claim 10,

wherein the light reflecting plate 1s formed so as to cover
the entire frame portion, as viewed from the thickness
direction.

12. The optical device according to claim 11, further

comprising:

a second shaft portion that includes one end connected to
the frame portion and supports the frame portion so as
to be rotatable about the second axis,

wherein the light reflecting plate 1s formed so as to cover
the entire second shait portion, as viewed from the
thickness direction.

13. The optical device according to claim 1, further

comprising;

a coil that 1s provided opposite to the frame portion; and

a voltage applying unit that applies a voltage to the coil,

the voltage applying umt applies, to the coil, a superim-
posed voltage of a first voltage with a first frequency
and a second voltage with a second frequency different
from the first frequency, and

the movable portion 1s rotated about the first axis at the
first frequency and 1s rotated about the second axis at
the second frequency.
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